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SUMMARY OF DATA RELATING TO THZ EFFECTS OF WING
MACHINE-GUN AND CALNCN INSTALLATIONS ON THE
AERODYIIAMIC CTARACTERISTICS CF ATINPLANES

By John H. Quirn, Jr.
STUMMARY

Data obtained frcm tests of models und alrplanes
relatin; to tiie offccts of varicus wing armanent instal-
laticns heve been collacied aud analyzed. Tnree types
cf gun installetion wersa consifer=d; namoly, gun ports
(surmerged machine gwns), protrudlng mackine guns,
and caanon, Data have been nrezzanted as drag-coerirliclent
incremsnts of one x1'n based on an zrca ngqual te the sgquare
of t¥rs local wing clord und as incremsntal lifts for
the comnlets frstallatinon based on alrplane (or model)
wiag area.

The snalyeia cof trese dota rowverlad that a wsll-
desigmned gun pcrt shoulc have little or no efrect on
aither the drag or max!mum 1li1ft of an alrplane, A
wall-deasigned gun opsning in ihe leeding edge of a wing
should not exceed one-tenth ol the winz thiclkness In
height, shoul? have rrovlision for alir flcow and ba
fitted with a sultable exit vent, and should be located
on or a few percent of the zherd below the chord line.
Cun ports that did not fall in this category wers focund
to cause drag-coefficilent increments up to 0.0013 and to
decrease maximum l1lift coeffliclent by as much as 0.12.

Gun openings at least un to 25 vrercent of the local
wing thiclkness 1n helght may 7leld small draz increments,
however, rrovided a falred nose=-air-lntake shape 1s used.

The smallest drag-coefficlent lncrements for
protruding-machine-gun installatliones were obhtained with
machine guns that protruded approximately lp nercent of
the wing chord ahead of the leadlags edge of the wing,
were located on or near the chord line, and were faired
smoothly into the wing contour. Uafalired guns with
greater extensions caused drag-coefficlent lucrements
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up to 0,0010, and guns mounted below the wing caused
incremsnts of 0.0035. Gun extensions of at least
G.25 chord, however, were found to have less adverse
effoct on maximunr 11ft than shorter extensloms.

The drag- coeff*.iant increments caused bv cannon
Installaticns on the wing vere cecreased approxi-
mately 0,0203% or O. 0004 b" falrirz the cannon into
ths wing asnd providing alr flow. Cannon lccated below
ths chord 1lins cgussd incremsnits of 00,0033, cor nearly
four times the increment of an rnfiaired cannon mounted
cn the wing, Selred canaen located on the wing gensrally
had llttle or no eflect on raxinvm 11ft, Tnfaired
cannon located on the wlng aad eired cainon located
below ths wing wers lfound o doersase naxinun 1irlt
coafficlents vy as murh =23 0,09,

INT0TLITION

A nuwaber of Investlaations condncted by the
Natioral AdvisorT Comritiose for Leronautlics during
the vest few vears Lrave dnalt 1n pars wlth the effects
cf wing-armamznt Instsllaticns on the asrodynanlc
characteristics of airplancs. The y»urrnose of the
vrasent report is to group these data In 3cne lcogleal
feanion to facillitate tl2ir snalysis and to establisk,

wherever possidle, trends for correct cesign.

The armament instellatlons considsred fall log'cally
into threse groups: gun ports (subdmoerged machine guns),
protrudinz rach.re guns, and cunnen, An analysis of
the data revealecd sonme @Galinlte trsnds that snould bhe
of cornslderable uid in the design of irmroved wing-
armament installuations. A dlacussion cf the tast
results and of the varlous Tactors alfecting Lae
serodynanic deslgn ol wing-ernament install ationﬂ is
glven in the following ssctlons.

SV..BCL3
Cp alrplane drag coefficlent
Cr, glrnlans 1lift coefflcient
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cy sectlion 11ft coefficlent
4, section profile-drag coefficient
AGDc incremental winz-gun drag coefficlent based on

local wing chord squared

S_ ,-.
[ncz (CDmodel + guns ”Dmodel)]

n numbsr of guns

c local wing .chord at ceater o gun 1n;ta11ation
S wing ares

t maximum win~g thiclknas:

h helght of —un-veort cmening

e axtenaion of gun or cacncn uvhead nf wing

Ly gun-vort inlet ares

Ag exlt area of gun duct

iACL_ increment (+) or decrement (-) In maximum
~18x 1ift coefiftclant

R Rewnolds nwaber

Op angular deflection of flap
Vo free-stream velcclty

Vi gun-port inlet valocity

TESTS

The date nresented hoereln were ottainsd from two-~
dlmensional wind-tunnel tests of rectungular wingzs,
three-dimensional wind-tunnel tests of scale models,
end full=-scale wind-tunnel and flight tests of alrglanes,
For the two-dimsnsionnl tests, the drag was determined
by the wake-survey msthod and 1lift was determined by
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Intesreting the nresaure alongz ths floor and celling
of the tunnel test section (refersnce 1). In all the
other tunnels, 1i1ft, drag, and moment were obtalned
from balance measurements. Standard methods of spaed
determinaticn were used 1In obtaining the flight-test
data,

PRUISENTATION OF DATA

The 1i1ft- arnd drag-coefficient increments, tozether
with the irvortant dimensions, wre =iesented in table I
for the subrersed machlne~gun installiatlions, 1n table II
for the protruding machlno-gun Jrstallatlions, and 1n
table III fcr the wing-camon inctallatlons. Drag-
cosfficient Incremsats, Jscailed sketches, and ohoto-
granhs of the varlous 1Installatiocns ars »nrecented 1n
figares 1 to 3.

Tre tables alon: shoulé not b3 nsed to comnare
the various 1installatlons buvt 3horld be supnlensnted
hy comparing the nlots of draz-coef?iclent increrent
against 1ift coerficlert. DHzcauce of exwarimeantal
!nacscuracles and the varlation with 11ft coefflelent,
tre drag Increments at any one 1ift cosf"iclent may not
glve & trme indication of the rletive merits of
édiffezr-nt installatlons.

Iift effects are shown for only three-céimonaolonal
n0od3ls; thne Incrementul coefficient is for the complete
armanent installation end !s based on total wing area.
In ovuer to facilitate ths enalysis and use of the drag
deta, rowaver, Che increments have bsen nreseated in
terms of ti.e coefflclent ACDC.

PAZCISIOF OF MITASTELINGS

In orcder to faclllitate commarison of the data
obtainzd in the Jifferent tunnels, probable errors in
drag-coefficlent ‘ncresment havs tcen estlimanted and are
presaented in tables I to III. The experimantal accuracy
was assumed to be 1 vercant of the total measured drag
fer all data not obtalned by the? wake-survew method.

Thiis accuracy 1s trouzht to aovnrorimate the 1limits withiln
which a voint may te checkod, as deterilnesd from nast
exporience.
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In determining the error involved in the wake-survey
data, a slightly different procedure was followed. In
addition to a probahle error of 1 percent in the drag-
coefficient increment, there was the possibility that
the spanwise drag curve might not taper off to the
corract plain-wing drag at elther end. For each of the
tests made by the waze-survey method, thesrefore, the
error glven 1n tables I to IITI was obtalned from the
expression:

Error = 0.0l ACp + Estimated error due to curves not
returning to correct base llnes

The valuves of the probable crrors in the drag-
coefficlent Increments cf armanent inatallations as
megsuared on a wing model and on an alrrlane or model of
the airplane difler considzr&bly., Tals dlfferance
occurs because the drag of a gm installation on a wing
modsl often 1s of th2 =ame ordor of magnitude as the
drag of the model, whereas the drag of the armament
Installatlon cn a comnlete alrplune 1s but a very small
part of the alrplanz dreag.

DISCUSSION

The discussion of the data pressnted is divided
into three sectlons: gun-port, nrotruding machine-
gun, and canron Installations. Under each of these
headings, the effect of saveral significant rarameters
on the 1i1ft end drag characteristlcs of the model upon
which the guns were mounted 1s dlscussed. Although the
greater part of the dlscussion desls with the effect of
wing guns on the drag of the alrplane, maximum 11ift
effects are presented wherever avallable, The avallable
tests slhiowed that the effects of winz-armament lnstal-
lations on the pltchlng-moment characteristics of an
alrplane were negligihle. Pltching-moment data,
therefore, are not presentoed.

In several ceases, the results obtalnnsd with gun
installatlons on alrnlanes do not agree with the results
obtalned with gun Installations on imodels. The effect
of an actual gun 1nstallation depends to a large extent
upon the surface condltion of the wing upon which 1t
i1y moomted, Pecause rough wing snrfaces or pocr wing
conatructlon may partly mask the adverse effects of a
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rolatively poor gun Iinstallation. In order to find

the true effect of an armsment Installatlion on a
varticular alrnlene, therefore, full-scale data should
be used. TIata from mecdel tssts are used !n the dster-
mination of the semnarate effecte o0f the varlous factors
that enter into the gserodynamic design of a wing-
armement installation.

Gun Ports (Sahnergzad Machine Ghms)

The effects of o well-desi;n=2d gun nort on the
asrodynaaic characteristics of & sinooth 7irg are small.
The important factors to lLe considered ln the deslizn of
suchh a gun port are dlschosed In Sho following crdsr:
ths alr flow thrcugh ths svn wort, tre heirsht of the rort
wlth resvect to the wint thicimess, and the posltlion cof
the gun nort with respect to the wing chord line.

The effect of alr flow on ths Arag-coetficient
inzrement of a gun nort ras Investigsated Tty tests with
and without air flow cn a rodsl of ths wing of the
XE-ILTR airrlane (table I, fig. 1). At a 1ift zoeffi-
clent of 0.2 withecut alr Fflow the Zm port caused a
Craz-coefriclsnt 1lncrem:nt cf 0,CI05, wnereas the
same port with alr flow cuus3d an increment of
onlv 00,0001, Tron tliis vesult 1t avnears advantegeous
to provlide & s-iitanle exlt vent ior the gm vnort and to
permlt the air tec flow arcund the gun and to exhsgust
et some nolnt on the wing. In this test tre alr was
vented to the urper part of tae aileron slot. Tn nrac-
tice, alr usually “lows through the gun »ort, althouzh
a suitable exit vent I!s rarely rrovided. In most cases,
ths air that enters %tle zun port lealts out Into the air
stream through a wing Jjolnt or throuzh the fuselage.

The adventege of having a'r flowing through the gun vort
1s thus vartly realized, “ut the gain is often mors than
offset by the nower requlred to overcome tre loss
resulting Ifrom leakn;e, #hich canses an extcrnal
disturbance, Inasmuch as som® alr almost slways flows
throuzh the port of ar actual installastlon, tha greater
part of tiie discussion wlll deal witi:i the analysis of
the aerodymnamic effects of othar paramstors with alr
flowing.

The wing of the XP-63 uirplans (table I, Ffigs. 2
and 3) and a model of the modififed XP-L1 airplane
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(teble I, figs. L, end 5) were tested to find the effect
of gun-port height on the drag-coefflclent increment
caused by a gun port. (Ses reference 2.)  Thcreasihg
the gun~port helight 1s shown to increase the drag
increment., The drag Increment for the gun port on a
model of the XFjU-1 airglane, which has a large inlet
height (table I, figs. and 7) was about the same as
the Increment for the largsr gun port on the model of
the modified XP-l1 airvlane. From inspection of these
data and of those for the XP-l 7B wing section, gun
ports having a height up to arproxlmately 10 percsnt

of the wing thickness (0.10%t) appsar to cause llittle or
no increase in the wing drazg. Tests of the FLU-1
(table I, figs. 8 and 9) and XF2A-2 (table I, fizs, 10
and 11) alrplanes in the Langley full-scale tunnel show
lover drags than would be predicted from model tests.
Inasmuch as the wings of thesc alrplanes were vunusually
rough, 1t :might be exvected that the adverse effacts

of large gun-port helzhts are partly maskad in these
cases,

A low-drag gm port wlth three types of front

ovening was develoned (teble I, flgs, 12 snd 1%, and
raference 3) to obtaln a gun port having a height that
was large with rsspect to the wing thlclkness and yet
having low drag. The gun openings, which are 25 percent
of the thicimess of the bulzcd portion of ths wing in
height, owo thelr low-draz properties to a faired nose-
alr-intake share 2t the ecntrence. These 1nlets were
deasigned by use of the findings of tha tests reported
in reference Ly, If 1t 1s necessary to have an opening
that 1s large with resvecct to the wilng thilckness, a
simlilar falred nose-opening shape should be mused,
Large openings may possibly be avolded by moving the
breech of the gun for alming rather than the muzzle.
Small openings and consequently low drag incremants
would then be possiblse.

In order to determlne the effect on drag of the
position of the gun oorts with respsct to the chord
line of the wing, a comparison was made of the drag-
coefficlent increments for the gun ports 0.5 percent
chord (0.,005¢c) and 2.5 percent chord (0,026c) above
the chord line of the wing of the XF2A-2 alrolane
(table I, flgs. 10 end 11, and reference 5). The gun-
nort posltion nearer the chord linc was found to result
in the smaller increment. Simllariy, it 1s seen from
table I and figure 3(a) that & gun port 0.018c high
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by 0.033c wide centered on the chord line of a model
of the wing of the XP-63 alrplane caused a negligible
incroase in drag. Comparison of the spanwise drag
survevs for simllar gun vports on and slightly belcw
the chord 1line (fig. 3), however, showsno important
difference resulting from positlions on the chord 1line
and below the chord line. DBecause of the limited travel
of the survey apvaratus, 1t was difficult to obtaln

a comnplets spanwlse drug survey for these gun nports,
but reascnable estimates of the oxtent of the curves
and the area under them (oroportional to the drag
Tncremsnt) sy be made. Gun ports 0.012¢ by 0.026c
and 0,015¢ by 0.027c centsrec 0,0lc balow tue chord
line, both of which are snaller in hel:;hrt and wildth
than the 0.01€c¢ by C.0,3c zun oort con the chord lins,
causad sonewhat larger dragz lncrerents than the gun
nort on the chord lins. The 0.0535¢ by (.0353c gun
vort centered bslow tihs chord linc, however, rrobably
has a s8lightly sw:mallsr drag tran the 0,021c by 0.053%c
gun port on tre chord line, These results indailcate
that g ports centsrad cn or elixkhtly below thre
chord lins caused swtaller drag insremants than gun
vorts centerscd above the chord line, A reasonable
oxplanation for thls conclusion may be obtalined freom
consideration cf +the stream 1ines sbout the wing at
the cruising 11ft cceflficlient. If the crulsing 1lift
coefficlent is equal to cr greater than the cdesizn

1. ft coefficient of the wing, the stagnuatlon point is
at or 3lightly ba3low the chord line. Gun ports
contered above the chcrd 1ino; in a hizh-velocity
regicn, thus have mere acdverse efrfect tlan Jun oorts
loceted 1In the low-veloclty reglon in the nalghborhood
of ths stagnation rolnt.

Tas drag-coefficlent increments for gun morts on
a model of tho wing of the ¥Xa-4l airplane, anere no
alr flow was provided (table I, flgs, 1l to 16), showed
that the gun norts on or near th»s chord line caused
larger drag lncrements than thess above or balow the
chord 1line, and these drag Ilncresmsuts without ailr
flow in nearlv every case were much larger than any

measured with alr flow. One such gun port, 16% percent
of the wing thickness In helght and centered slightly
above the chord line, caused a drag-coefliclant increment

of 0,0018,. without air flow, the gun ports on or nsar
the chord line, depending upon thelr size, probably
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spoll flow on both surfaces, whereas gun ports above or
below tha chord line spoll flow on only one surfacs.
The gun ports above the chord. line caused larger drag
increments than gun ports centered belcow the chord

line even wilthout air flow.

Three gun-port conflgurations were tested on the
P-51B alrplane in the Langley full-scele tunnal
(table I, figs. 17 and 18). The gun port was tested
(1) in the service conGltion (gun port open),

(2) covered with tane that -was torn to simulate the
coniiton after firing, and (3) covered with metal

plates having holes just large enough to allow the
passage ol a bullet. The results of these tests are
glvan in table I and rigure 18. Th: taped gun ports
gave slightly lowver drag irncrzments than the sarvice

gun ports. Ths covar platcs having small hcles resulted
In the bsst arrangeasnt tested on this airnlane.

An sxemination of the effact ¢f the varlous gun
ports on the maximun 1ift ccsfficient (table I) Indlcates
Lhat few of th2 1nstullatlons Liad serious udvarse efrlect.
The large lcss in maxlimum 1i1ft coeflficlent of 0,12 on
the P~51B airplane probably cccurrad becaase tle gun
rort was 26 percent of the wiag thickness in height.

Protruding Macnlne uns

Because of spac~ linltation or other ccnslderations,
1t 1s often recessary to install maclilne guns that
protrude ahiead of tho leading adge of the winz. The
nost 1mportont varlables affect ne the 2esign of a
protruding machine-gun installation frem aecrodwncmlic
considerations are the poslitlon of the gun with respect
to the chord lins and the oxtenalon of the gun bearrel
ahead of the leading edge of the wing.

Several gun extenslons and two vosltions with
respact to the wing chord line were tested on the
XF24-2 alrovlans in the Langley full-scele tunnsl
(teble II, figs. 19 and 20). An extension of 0.028c
causad a lower drag-coefflcient increment than a
0.139c extenseion, but the drag of the 0.159¢ extenslion
was esgssentially the same as that of the 0.25lc extension.
The 0.13Sc extsnsion wus tested 0.005c and O, 026¢c ebove
the chord line. Tha poslitlion nearer the chord line
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vlielded the lower drag increments. Protruding machine-
gun installatlions were also tested on a model of the
modified XP-lj1 airplene and on the F6F~3 airplane
(table 1I, flgs. 21 to 23). The 0,100c extension on
the modified XP-L41 airplane caused about the same drag
es the 0,15%c extension 0.005c¢c asbove the chord line of
the wing of the XF2A-2 alrnlane. The lowest drag-
coefficiont Increment for nrotrudinz meaechlne guns

(ACDG = 0.00Gl) was obtained witk the lj-vercant-chord

extension mouvnted 0,02c above the chord line of thre

wing of the F6™-3 airnlsna. To» these tests, the guns
were nrovided with a well-cCeslznecd smooth feliring.

The 0.1% zun extensicn on ths {P-6% winz molel

(table II, ii1gs. 2l ané 25) caused the bighest drag-
coefficlent increment ATn, = 0,.0010 of any prcitruding

gun mounted or or nzar thka ckhord llns. Tae large Crag
incrorent of th's Installation .s ¢dus to the lamlinar
ficy¥ thaet was spolled c¢a the low-drag winzg. From ths
foregoirz results, 1% wrvaars thaut short well-fulred
gun cxtensions and wmonwmtling rositlons on or near ths

",

chord llns will havs the lowest drag,

TUnéesraivng macnine gans ware tested on a model of
the wing o7 the XF-£3 cirolene, on tae F-634 alrplane,
anrd on a model of tha XA-2h sirnlens., Skatches ard
drag deta for these urirsngerents sre pressnted in
tabls TI and filmares 2L to 27. & coiparison of the
drag of thes vnderslung arrangem-onts and the drag of the
arrangerants havirg zuns flrsd at cr neear *tlLe chord
1ins (tablc II) skowa that the drag-coefflizient
ircrecuwents caused by the underslung guns, olten as
much as 0.0038, are e:cess’ve., At a 1i1ft ccefficlent
of 0.2, the vnderslung arrangement on the XP-£3 wing
model csused an incrament aroroximately 60 nercant
greater than tho gun wmounted cn tie choré 1llre, (Sese
fig. 25.) Tre installation on tie P=-G3A airnlane,
which represents tke mesnufacturer's best actemov to
reproduce the model installatlon, caused a2 Crag
incrament approximately twlce that of tre model 1lnstal-
latlon. Sealling trz ofectlion slots and ths ennular
gspace between the gun barrel sad Tairing on the ualrplane
reduced the Crag increment of this Installation slightly.
Tre vpoor agreement between the Installation and the model
installation tested in the Lengler two-élmensional low-
turbulencs pressure tunnel is probably due to leakage
arouni the barrel through the holes 1n the cocling
jacket cn the actual installatlon.
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Some observations concerning the effect of gun
extenslons on maximum lift may be made by comparing
the decrements measured on the X¥2A-2 alrplane in the
Langley full-scale tunnel (table II). The 0.023c
extensions mounted 0.026c above the chord line decreased
the meximum 1ift coefficlent 0.,1ll, whereas the 0.139c
extensions mounted 0.005c above the chord line caused a
decrease of 0.13. The 0.25lc¢ extension, however,
mounted 0,005c above the chord line decreased the
meximm 11ft coefficisnt by 0.09. It aproars that gun
extensions of at least C.25c ars less detrimental to
maximum 11ft tran shorter extemnsions - probably because
the soperation at the tip of ths shtort extension passes
closé to the vpper surlacs of the wing and spolls the
flow, whereas this sevparatlion for the long suns nasses
farther above the wing and has less detrimental effect.

A number of wing-gun fairings were tested in flight
on the ThF-3 eirnlane %o improve the maximum 1ift and
stalling charecteristics. (Sse reference 6.) Photo-
graphs of the various falrinss are rresentad 1In fig-
ure 28. Tne eddltion of uafairsd guns tc the otherwlse
clean alrplane caused a conslderable increase in
stalling speec. Tosts of a numbaer of Talrings lndicated
that a falred ssaled opening for the submerged gun and
a sealed fairlng on the protruding gun resulted in
practlcally no change in stalling speed from that of
the rlain wing and also alded 1n correcting the noor
stalling charscteristlcas of the alrplane. Unsealinrg
these falrings, however, cauased a loss In maxlmum
1irt coefficiernt of 0.26. The gertinsnt data for
these arrangements are given in table II.

Wing-Cannon Installatlons

Wing~canncn Iinstallatlons may be best compared on
the basis of the mounting vositlion with respect to the
chord line, the tyne of cannon falring, and the provislon
for alr flow.

Two underslung and one oartly submerged cannon
installationa were testsd cn the X72A-2 alrplare in the
Langley full-scale tinael (table III, figs. 29 and 30).
At a 11ft coefflciont of 0.2 the best underslung
arrangement caused a drag-cosfficient 1lncrement
(ACDC = 0.0033) 170 percent greater than the partly
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submerged installatlion. This result again shows that
the dragsof undarsluag arrangements are excessive,

Canncn Installations on a conventlonal alrfoll
gection and severel low-drag sections wers tested in
the Langley two-~dimensional low~turbulence pressure
tunnel (table III, fizs. 31 and 32). As might be
expected, the incremsnt 1n drag coefflclent was greater
on the low-drag sectlons than on the conventional
section since more laminar flow was spoliled on the low-
drag sections (flg. 32(a)). Tests with two different
cannon extensions and with a rcugh spot on the leading
edge of tha FACA £6(215)-21€ alr”oil section yilelded
anproxirately equal dreg increments (fig. 32(b)).

The rough snot, which was mede un of carborundum

gralns having an average dlametsr of 0,01 linch

attachad to the airfcil with 3hsllac, coverzd the

same area as the cannon havirg the 0.1l6c extenslon.

The results Indicete that when a conslderable emnunt

of leaalng-edge area 1s covered by tho armament instal-
latioa, thz snmount of flcw aspclled by tke interference
at the juncture of the canncn and wing 1s more impcrtant
than the axtenslon ahead of the wing. At higher 1lift
coefficlents the drag lncremcnts of the cannon exzceeded
that 2 tbh3 rouzr spob. Sermaraticn of the flow Zrcom
the protruding carnon tnd the lncreased frovtal area of
the cunnon are respciisibls Jor this Increase in drag.

A1l tests of modals of the XI1L2I-2, X-%F,
and X®hU~1 alrplunes in the Langley 12-foot pressure
tunnel (table III, filzs. 33 tc 36) showed that the
drag-coefficlent Increments caussd by the wing-cannon
installeticn may be deccreased 0,00C3 or 0.0004 by
providing falrinzs simlla>» to the ones that gave the
loast drag when installed on those modols. The best
falred cennon for these three tusis caused approxi-
mately equal drag-coefficlent lncrements regerdlcss
of the extension, position on the winj, or the airfoll
sectlion upon which they wsore mounted. (See fig. 36.)

Several fairings and varlous amounts ol elr flow
were tedted 1n conjuaction with wing cannon on a model
or the wing of the YA-4l airplane in the Ames 7- by
10-foot tunnel (tabls III, filgs. 37 and 38). Neilther
the surface to which the alr was disci:arged nor the
amount of alr flow had any effect upon the drag-
coefficlent increment, at least at lnlet-veioclty
ratios above C.25. At a 1ift coefficient of 0.2, the
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drag increment of the cannon with short fairings was
decreased 50 percent by providing eir flow through the
model, This was the lowest drag of any arrangement
tested on this wing.

The falred cannon on the F-51B alrplane (table III,
figs. 39 and L0) caused a higher drag increment than the
unfalred installaticns on the F4U-1 and ¥6¥-3 airplanes
(teble IIT, figs. L1 to L3). The adverse effects of the
unfealred cannon are probably partly masked by the
unusually rough wings on the latter two alrplanes.

Table III 1ndicates that the mfalred cannon
installation cavssad more adverse eifect on the maximum
1ift coefficlent than the falred cannon. As a general
rule, the loss in maximum 1ift was greater with flaps
extended than retractad. Thoe wilds JTalring on the
underslung canron on the XF2A-2 airplane (flg. 29)
decreased the maximum 1ift 0,99 (toble TII) as compared
to a decrease of 0.0l for the narrow falring on the
underslung Installation and “or the partly submerged
installation. A sultably falred unCerslung cannon
installatlon, therefors, nsed rnot result in an apore-
clably greater loss in maximum 1ift coefflclsent than
a partly submerged installatlon.

CONCLULING PEMARKS

From the cnalysls of the effects of wing-ermament
Ingtallations ocn the 1ift and drag characteristics eof
alrplanes, the following gensral statements anvear to be
Justifled:

In order to decrease the drag—-coefflcient increments,
glr flow should be provided through gun ports. A
suitable exlt ventshould also be provided to minimize
the leakage lcsses. The drag of a gun prort increases
a8 1ts height increases, tut a gun port with a height
no greater than anproximately one~tenth of the wilng
thickness should cause llittle or no addltional drag.
In order to obtaln the smallest drag lncreass, gun ports
should be located on or slightly below the chord lilne
of the wing. Gun ports that satlsfy the preceding
conditlions should have little or no effect on elthsr

1
@rag or maximum 1l1ft. A gun port 165 percent of the
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wing thickness in helght, ceatered slightly above the
chord 1line, and without air flow, cuused a drag-coafficient
inzrement of 0.0013, wheress auothar gun nort 26 vsrcent
of tre wing thickness In height cecreassad Lthas maxlaua

11 ft coefliclent by 0.12. Tt is rnossible to use a gun
ovening larger tran 10 parcent of the wing thickness

with a mInimum of drag lncrease, hovever, provided a
falred nose-elr-intalze share 13 used.

Skort, falred zun extenslons located on or near
the chord line cevsad the lcw2st drag-coerlflclent
increments of nrotruding nachine~gun Installatlons.

A falred gun sxternding !y =ercent chord shead of the
leadlng eodge of the wirg and located 0,02 cherd above
the chord llne caus<d a Arag-coefficlert *uncrement of
only 0,0001, whersai tn nfairsed gun centered on the
chord line with & 19-percout-chord sxtsnsZon caused

en increment of 0.0310. T.& Arug increments of guns
rnounted below the wing were excessive in every case;
for exemple, one sueci installaticn caused wn Increment
of 0,uCG3g.

The drag-coefficlent incroments causzd by cannon
installations on the wingz were decrsased 0.G003 or 0.0004
by fairing tle canno.n into the wing, Caanon mounted
below the wing caused incremenbts of 0,0033 or nearly
four times tre increment of an uvnfaired iqstalla*tion
ncunted oa tke wing. PFalred cauncn locatz2d on ths wing
cenarcally had 1.itle or no adverse effcct on maximun
11ft, but unfalred canron lccated on tre wing and falired
canaon locates below tle w'nz were found to deocreass
mexlum 110t coofficzients by as nwuech as 0,0<,

Lengley Mamorial Aeronautlcal Laboratory
National Advisory Comilttec for Aeronautics
Tanglev ¥izlé, Va.
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TABLE I.- GUN-PORT INSTALLATIONS

uuA Nesults
Guo-pert n;mlaonrmr-ml of |Pegmian| mrtens [Doe| Cert | Rreer | Tieiier | posivion [ 0o, ¥ Op = O3] Soimey
installation (a:g- mmber seotion | OO (poroemt t) Y ‘./h re mﬁ:: ®) "
6 NACA 0.53 0.0001 20,00003
1 xP-4TB rr 16.7 %209 MOA |eo 10.4 0.0013 = on w0005 o
2 10.9 0.0028 | 0.28 0 20.00015
NACA On
3 -6 ur |52 é612m15)-216 (% 13.3 0.003, | 0.23 * | 0.0008 20,0008
= L b7 0.0009 | 1.00 0.0010 (] 10,0001 .
19-£ NACA o
= 5 (motirten) |'B 6435 siihs P55 15.6 0.0035 | 0.26 beloY 1 9.0008 20,0008
xrhu-1 19218 2.8 éﬁx 36 19.6 0.0043 | 0.25 on 0.0005 t0,0002 | i 0
g Fyu-1 mr 1.6 auL Jes 1.3 0.0023 |eceemeasas| 0:003 | g 0,0002 0.07
0.005 | ¢ $0,0003 «0.06
-‘I!ii Yol mae |re b moa Im 2.6 0.0057 —Ahove ,
E 1n 230(13.9) 0.026s | g,0007 0. =0.01

by -bbuunuu used spply to the following tunnels:

two-dimensional low=Surbulence tunnel

19=foot pressure tummel
=soals tunnel
-n,'l % 10, Sues T= by 10=foot tummel

19-tt !‘!.

bBased on  Wing ares = (Lessd sbert)d;

%Based on totsl wing ares, all guns.

oms gunj estimated presision slso given.

NATIONAL ADVISORY
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TABLE I.- GUN-PORT INSTALLATIONS - Conoludsd
Source Wing | Oun-port | Entrance- |Exit-area | Oun-port Fesults
Qun=port Figure | gonriguration of |Reynolds Alrfoll | .y, height |area ratic,|] ratlo position (==
installstl data | numbe sotion ’ ’ lstive to Do &t Cp, = 0.2 | ACLyex
e (o) o (1n. )| (percent £} 41/te “ebord lize (») (o)
& 12 Lop-aref | er [3.8x106 yaca | 36 25.0 0o O'E% on | 0.0002 $0.00005
== 3 sm 66(215)=213 -2 . .
0.016
belos | 0-0003 %0.0001
12.9 0.0031 0
14 0.0080 | 9 0008 $0.0002
15 Xl Ames | 635 JiCs20 | u8 beto
7 x 10 64,3x-320 on 0.0009 f0.0001 | ___....
16 on_and
16.5 0.00,3 0 0.005¢ | 0.0018 £0,0001
- above
0.005¢ .
and 0100 | 0.001} %0
above
e 26.2 sk 0.0003 $0.0002 | -0.12
15.5
17 P-518 rer | 6. P | 83 [amemmeeean Tope on 0.0002 t0,0002 | -0.05
18 (minimm
pressurs at 5.8 0.0004 0.0001 t0,0002 -0.02

The sbbrevistions used s;ply to the following tunnels:
, Langley m-d!.-n-!.oml low=turbulence tunnel
19-rt PT, I-lngloI J=foot pressurs tunnel
FST, Langley full-scale tunnel
Mmes T x 10, mes 7~ by 10-foot tunnel

DBaged on  Wing avea ® (Losal M)zl on® gun; estlimated precision also given.

OBased on total wing area, ail guns.
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TABLE II.- PROTRUDING MACHINE-OGUN IMSTALLATIONS

Protruding Wing Qun Gun Machipe-gun Results
machine- Source of Reynolds Alrfoll position
™, 1 chord dismeter sxtension
1ug$.g1°n gurs | Configuration ?:;- mmber ssction (1n.) | (percent t) | (percent o) :;:::erto ACp, 8% O, = 0.2 | ACL,.,
g 2.8 9,026 0,000} %0.0003 | ~0.14
. 0.0260
19 ‘ nea 13.9 bove 0.0007 20,0005 { =ee=em
xraa-2 ot 5.5 x 10 230033.9) 172 21.8 5
L 13.9 o030 0.0003 $0.0003 . | -0.13
25.] 0.0050 0.000L, 0.0003 | -0.09
2 xe-4
% 2 | twdifeny [ 19-rerr o2 ertoths | 355 | 1.7 10.0 0,002 0.000}; t0.0001 | o0
22 0.0220
A BACA | 108 | cemmemmcenn 3.9 abo 0.0001 10,0002 | -0.
E 2 rér-3 rst 8.0 3685 103 o5, shove 05
2, NACA
4 25 xP=63 mwr 6.0 66(215 3-116, 2 13.8 19.1 on 0.0010 $0.0000h | e=wewe
as .
<L | 2 xr-§ 6.0 66(215)-116 8 0.1108 0.0016 0,060 | v
25 3 0T . :2&5&:1 .1 2 13. 19.1 underslung . <00 -
' 2 NACA
- 25 P-634 T | 6 66(215)-116 | T2 13.8 15.1 untorsteng | oS58 00072k
26 NACA
- - 6. 0.147e
5 o IA=26 19-rt PT | 3.6 65:222%.515. 22 13.3 -2 uncers lung 0.0026 10,0006 (]
Sesled susl 0.002s inboard 0
28 Fyp-3 Flight BT, J [P — 0.001e cutbosrd
Unsesled 0 sbove =0.26

- Syhs sbbreviations used apply to the following tunnels:

ey full-soals tumnel
Langley 19=foot pressure tunnel

TDT, Langley two-dimensionsl low-turbulence pressure tunnel

F8T, Langl

19-£t T,
bUnsenled.
O8saled.

COMNTTTER FOR ASAONAUTICH
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TABLE III.- WING=CANNON INSTALLATIONS

lﬂmJ Qannen
- Wing |Root diameter] Gsnnon
T nee,| Remeria | Pigure omnsunual o35 | Bommelas | alrfell ebord ?rum L )m oxbeaston | ¢::) Nlatie Jommite
N perosn perosnt ¢ to t =0
(a) chore 1ine| Do ** L 2 | sor .
% Falring 1 Approx. 0.0046 #0,0007 | -0,09
Fal 2 2 o maa | o |TTTTTT°CC Wderslug uiﬁ '
ring % XF2a-2 FS? |5.5x 1 230(13.9) T2 0 0.0038 10,0007 | -0.08%
3 Submerged 69.1 L9 [ 0.001; #0.0007 | -0.0h
el a 26.0 0.000h $0.00002
e 0.0060
cereemeee | B 20-um wr |60 65,3118 2.7 16.5 0 | below 0.0006 40.00003
‘& 32 sannon 2 0,0008 $0,0000k| =-=n-
se(zis)-z6 | B 38.2 3.1 0.0128 | 5.0009 20,0000k
smgnepoy | |} | |eeeeeeeaee— 0 0.0008 40,0000k
Pairing 4 0,0005 to.m- ]
'% ] -n : ihoata | °
xrlc-2 |319-f8 |5 5 16.2 percent 39.7 31.5 Below 0.0002 20.0002 | 0.02
Fairing B| 36 rr thick x,
outboard
'Q LT [ [S— eemmamnen] =0.07
. 0 0.0005 #0.0001 | -0.08
ik nfairved
35 | | eeecemmc-a- memvee| =0,26
% . 5.4 0 0.0005 #0.0001 | 0.0k
mivig | g | e (PR 6 Hsstsﬁﬁ(m.s 3 103 B2 (55 | ® | e[ 22
outboard "
°
- 0,0002 20.0001 | 0.G2
falring 35 -0.07

S abbreviztions used apply to the following tunnels:
PST, Langley full-seale tunnel

¢ pressure fmne

Ames 7 % 10, Ames T= by 10-foot tunnel

tangley two-dimensional low-turbulence pressure tumnel
19-Ft P?, Langley 19-foo 1
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L ] TANLE TII,- WING-GANNCN INSTALLATIONS - Conoluded
i Ry Bemarks "l"“mmu- of | Memolds msren1  [TL0g, | 08 i ter| o ematca | .Of ﬁ&: ot
installation | == setion  [{1n) | (perceat ¥) |(peroeat e)|(de8) 1oe |40 401 02| M0
* 0 0.0006 20,0002]| ©
Wraired
50 | 0.000ks |eesrearcccmceees | <0.02
YN 3 usi&u o | ttoma | 0,002 #0.008| 0.0k
Shert 19-1t o o
-‘1‘ falving 5 | T Lt 2.3 5208 A 3 k3.6 ] o
outboard below
_% ruh:!- 0 | outboawrd | 0.0002 20.0002| 0.02
50 emeemmeesmeee—a | 0.05
— % = 0,57 0.0007 %0.0001
SR -
| Y <0108
Bhert fairiags, abew
= 0.30 o.o000k fo.00m
L—!l__.___ 57 41 Amas NAOA 18
Long fatrings, | 33 n 7 x 19 633 €&,3x-320 | | -mommmemeeeee- 2.3 0 ——
. 0.57 0.0008 10,0002
T et |
it ;
™, flow * z
’ Somt fairings, °::£: 0.008 10,0001
Loog fairings, above
ae fiow 0.0008 20,0001
39 Isy-drag suetim .
== |—— P51 rmr 6.0 T | 8 70.0 3.k ° o 0.0006 20.00G2| -0.07
ho pressare, 0.5ss}
304
. Lmboaed 0.012e
_.§ — Aol rer |7.6 -1y % %4 e ° o4 | 0.0 o.0008) 006
b3 n'&lm below
L b2 A | d
S PR 8. B (] cvocmacavesl 0,0008 £0,0003| wwwe=e
_& W w3 yer 8.0 1 3 Plsture

Athe sbbreviations used spply to the followiag temmele:

Iangley full-seels Summel L ) NATTONAL ADVISORY
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L4L21 SR

Figure l.- Gun port on model of wing of
XP-47B alrplane. Gun-port diameter,
10.4 percent t.

Fig.
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WOODEN PUNE WVSERTED /¥ TUBE
TO CHANGE GUN-PORT SHAPE OR pOSIT/ION
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Figure 2.- Qun-port lnetallations on model of wing of XP-63 airplane.
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NACA ACR No. L4L21 SRR, _Figs. 3a,b

Gun-port dimensions ACp,
Height width
o 0.018¢c 0.033¢ (o]
+ .0Rlc . «033c 0.0008
<012 — — .
/-1———‘-+-——+ﬂ_|
e — / %
)
9o / A\
I ©
: R «008 —r
-{ o -‘
58 ’
£3 : A
et p— O
g: ﬂﬁ— ——\—— ———-T M-e%:; —
3§ +004 X
g o Plain-wing drag
w
0 2
8 6 L 2 0 - I
Distance from gun-pert center line, in.
ta) Gun ports on chord line.
gun~-port dimensions
Helght width
o 0.0l2c 0.026c
«012 + .015c .027c
X .033¢c .033¢c
5 <K ¥
S < H\\ x
1 v 008 s s AN
"] L ] X \'\ v’ Y
E ,j N, }_*_X o "\ {—FPlain-wing drag
LR
a : p — b ] ’nl— —n — - —
2% .oy
LR
oo
]
<]
0
L 2 (¢] 2 L 6 8

' Distance from gun-port center line, in.

(b)-Gun ports 0.0l4c below chord line.

Figure 3.- Bpanwise drag varliation of several gun-port installations on
model of wing of XP-63 alrplane. ¢, = 0.188 R = 5.2 X 105.



Figure 4.- Gun-port installations on wing of model of modified XP-41 airplane.
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Drag increment of this gun
port not measurable
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Airplane 1lift coefficient, CL

Figure 5.- Drag increments of gun ports on wing of model of modifled
XP~41 airplane in Langley 19-foot pressure tunnel. R = §.15 X 10V.
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'Y -scale model of XF4U-1 airplane.
Gun ports are of 1—1nqﬁ giameter with exits ahead of flap.

Figure 6.- Gun ports on
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Flgure 7.- Drag increments of gun ports on wing of model of XF4U-1
airplane in Langley 19-foot pressure tunnel.

Airplane lift coefficient,

Cy

R=2.8 X 10%.
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WING CHORD LINE

C_OF_&UN_PORT

Figure 8.- Gun port on F4U-1 alrplane.
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Figure 9.- Drag increments of gun ports on wing of F4U-1 airplane

in Langley full-scale tunnel.

R= 7.6 X 106.
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NACA ACR No. L4L21 U Figs. 10a,b,c

%l BREECH FAIRING
“ﬂﬁjé‘“;m———s—r; ro ]

-LOUNTING-FOST [ARNG

" (a) Low flush gun poslitlon.

BREECYH FAIRING

OLNTING-POST FA/RING

(b) High flush gun position.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FRONT YIEW SECT/ION A-A

(c) Typlcal gun sleeve.

Flgure 10.- Detalls of gun mountse on XF2A-2 airplane.
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Figure 11.- Drag increments of gun ports on wing of xng-z alrplane in
Langley full-scale tunnel. R = 5.5 X 10°.
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NACA ACR No. L4L21 S Fig. 1l2a

! ]
|
J | ] i L )
11 = s
] ==

Tyre 3 NATIONAL ADVISORY

(a) Front view of three types of opening.

Flgure 12.- Detalls of openings of low-drag gun port.




Front view,
(b) Type 3 opening,
Figure 12.- Concluded.
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Figure 13.- Drag increments of low-drag gun port in Langley two-dimensional

low=-turbulence tunnel.

R= 3.8 X 106.
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Figure 14.- Cannon ports on model of wing of IA-41 alrplane.
(This arrangement also tested with 0.032c¢c diam. holes 0.005c
above chord and 0.034c diam. holes 0.010c above chord.)

*ON YOV VOVN

31y 12191

LA



.ok st

Flgure 15.- Machine-gun ports on model of wing of XA-41 alrplane.
(These holes also tested centered 0.0082c and 0.0165¢c below
chord.)
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L4L21

Hole diam.
o 0.0g6c
+ . 086(:
X 0R6c
o «033¢c
< +033¢c

L) Fig. 16

Poslition relative
to chord line

0.0168c below
.008c below

On

On and .006c above :
«008c and .010c above

+002 N 1

o ! | 88— & I_'!i
ol —— <L
g < .
o
-
85 | | |
g -0 ! ;S — =
H e i e |
|1 O —
- T

-.2 -.1 ) % .2 .’ o'.l.

S8ectlon 1ift coefficient, (7]

Figure 16.- Drag increments of gumn ports on model of wing of XA-41 alrplane

in Ames 7- by 10-foot tunnel. No flow through ports.

R= 6.38 X 106.



NACA ACR No. L4L21 L Figs. 17a,b,c

(a) Gun ports open.

= - -

(b) Gun ports sealed with tape.

{c) Gun ports covered with metal plates
having holes of 5.3-percent thick-
ness to allow passage of bullet.

Figure 17.- Gun ports on P-51B airplane.
R
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Flgure 18.- Drag increments of several gun-port installations on P-51B
alrplane in Langley full-scale tunnel. R = 6.5 X 106°*
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Mounting pest fiiring oh — ¥
3 0.028¢c extension ohly §
- A0fC - =373¢ |
RATIONAL ADVISORY '
eRsasERg COMMITEE FOR ACRORAUTIS

Flgure 19.- Machine-gun extenslons on XF2A-2 airplane. a = 0.026c or 0.005(:)'
0.254c gun extenslon not shown.
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Gun extension Helght above
chord line
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+ »139¢ « 02€¢C
X »139¢c «005¢c
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Figure 20.- Drag lncrements of machine-gun installations on XF2A-2
alrplane in Langley full-scale tunnel. R = 5.5 X 10%.
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NACA ACR No. L4L21 A

Flgure 21.- Machine-gun installation on model
of modified XP-41 alrplane.
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NACA ACR No. L4L21 L, 0N Flg. 22

Figure 22.- Service gun fairings on F6F-3
airplane.
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5 (a) service gun fairings on F6F-3 airplane in Langley full-
5 scale tunnel. R = 8.0 X 106.
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{b) Machine-gun installations on model of modified XP-4& alrplane

in Langley 19-foot pressure tunnel.
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Flgure 23.- Drag increments of two machine-gun installations.
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(a) Gun mounted on chord line of model of wing of XP-63 airplana.

Figure 24.- Machihe-gun installations for XP-63 airplane.
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(b) Machine-gun mount on model of XP-63 wing and on P-63A alirplane.

Figure 24.- Concluded.
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NACA ACR No. L4L21 T Pigs. 25a,b

Drag-coefficlent increment, Acnc

o “'Unsealed installation

+ Bealed installation
.M I- —
) “i} -
0

(a) Drag lncrements of gun installation on P-63A alrplane
in Langley full-scale tunnel. R = g.4 X 10°.

O Submerged gun
+ Underslung gun
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Section 1lift coefficlent, ¢y and alrplane 1lift coefficient, Cy

(b) Drag increments of two gun installations on model of wing of
XP-63 alrplane in Langley two-gimensional low-turbulence
pressure tunnel. R = 8.0 X 10°.

Flgure 25.- Drag increments of machine-gun installations on model
of wing of XP-63 airplane and on P-63A alrplane.
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Flgure 26.- Machine-gun mount on model of XA-26 alrplane.
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Flgure 27.- Drag increments of gun installation on model of XA-26
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NACA ACR No. L4L21 ) ~ Figs. 28a,b

{(a) View of projecting gun in unfaired
condition with submerged gun removed.

(b) View of fairing 1 on submerged gun and
Grumman faliring on projecting gun.
Both falrings provide space around
gun barrel for cooling air.

Figure 28.- Gun falrings.on FAF-3 airplane.
(From reference 6.)



NACA ACR No. L4L21 Y. Figs. 28c,d

(E) View of fairing 2 (wide) on submerged gun
and Grumman falring on projecting gun.
Both fairings provide space around gun

barrel for cooling alr.

YA C 4

“25426

(d) View of fairing 3 (narrow) on submerged
gun and Grumman fairing on projecting
gun. Both falrings provide space
around gun barrel for cooling air.

Figure 28.- Continued.
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NACA ACR No. LALZ21 L] Figs.

(e) View of submerged gun in unfaired
condition and projecting gun with
Grumman fairing. Rubber grommets
installed around edges of falring
and wing opening.

(f) View of falred wing opening for sub-
merged gun and Grumman falring on
projecting gun. Both fairings pro-
vide space around gun barrels for

cooling alr. TR

Figure 28.- Concluded.
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NACA ACR No. L4L21 L Figs. 29a,b

; Q
DIMENSION |a (4

(a) Underslung cannon installation.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Submerged cannon installation.

Figure 20.- Wing-cannon installation on XF2A-2 alrplane,
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Figure 31.- Twenty-millimeter cannon installiations on low-drag
and conventional airfoil sections.

*ON ¥DV VOVN

T81¥1

‘314

Te



NACA ACR No. L4L21 SR Figs. 32a,b
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{a) Drag increments of cannon on three NACA alirfoll sectlions.
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(b) Drag increment of two cannon extensions compared with drag
increment of rough spot on NACA 66(215)-216 alrfoll
section.

Figure 32.- Twenty-millimeter cannon installations in Langley
two-dimensional low-turbulence pressure tunnel. R = 6.0 X 106.
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Figure 33.- Cannon installations on XF14C-2 airplane.
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Figure 34.- Cannon installations om model or XF6F airplane.
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(a) WBOARD CANNON.

Flgure 35.- Cannon installations on model of Xr4U-1 airplanes.
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Figure 35.- Concluded.
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NACA ACR No. L4L21 L ] Figs. 36a,b,c
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(a) Cannon installations on model of XFl4c-2 airplane

in Langley 19-foot pressure tunnel. R = 5.5 X 10°5.
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‘52 + Bhort falirings
s % Long fairings -
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(b) Cannon on model of XF4U-1 airplane in hancley 19-foot pressure
tunnel. R = 2,75 X 10°.
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Airplane 1ift coefficlent, Cj

{c) Cannon installations on model of XF6F airplane jin
Langley 19-foot pressure tunnel. R = ¢.15 X 10°.

Figure 36.- Drag increments of several 20-millimeter cannon installations.
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{a) Short fairings and cannon.

2% —>

NATIONAL ADVISORY
267¢c COMMITIEE FOR AERONAUTICS

(b) Long falringe and cannon.
Figure 37.- Cannon and falring installations on model of wing

of XA-~4)1 airplane. Cannon are centered 0.005c and 0.010¢
above chord line. PFalrings are circular in cross section.
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{a}) Cannon without air flow.
Symbol Poasition v Remarks
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Yo
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. [ + 0.005¢ and 0.010c above chord <30 Bare cannon
b3 0.005¢ and 0.010c above chord .30 Short fairings
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Bection 1ift coefficient, ey
(b) Cannon with alr flow.

Figure 38.- Beveral cannon installations on godel of wing of XA-41 alrplane in
Ames 7- by 10-foot tunpel. R = 6.35 X 10°. Holes around cannon have 0.032c

and 0.034c diameters.
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Figure 39.- Cannon installation oA P-51B airplane,
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Flgure 40.- Drag increments of cannon on P-51B qigplane in Langley
full-scale tunnel. R = 6.0 X 10~.
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NACA ACR No. L4L21 Fig. 41
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NACA ACR No. L4L21 S Fig. 42

Figure 42.~- Twenty-millimeter cannon mock-
up on F6F~-3 alrplane.
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1 full-scale tunnel. R = 8.0 X 10° (approx).
s
Q
=
e
-
=
[ ]
-l
h )
e
::
5 «002 -
o
Q
]
- -]
)
[ ]
a
001

¢ [
° H—-ft . Y | copume
-.1 0 ' | -2 .’ .h .5
Airplane 1ift coefficlent, CL

{b) Cannon on F4U-1 alrplane in Langley full-scale
tunnel. R = 7.6 X 10°.

Flgure 43.- Drag increments of several 20-millimeter
cannon installations.
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